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Anticoagulation in Patients 
on Hemodialysis 



Richard D. Swartz 



INTRODUCTION. 

The development of hemodialysis would be difficult to 
Imagine , without the availability of an easily adminis- 
taxed systemic anticoagulant to prevent thrombosis In the 
extracorporeal tubing and dialyzer. Yet, heparin, the 
^lu^-^c^g anticoagulant xhat has been the standard 
./.agent for.h^odlalyHja.-hftfir presented a classical thera- 
ftV&tfc dUsrn^ the risk of hemorrhage in 

j^neiientfl \who : riiqtrfW treatment but axe 

(eheady fli increased risk tax bleeding. It la precisely 
^because uremic patients requiring dialysis may suffer 
;.both hembrrta^ events that It 1$ 

important to focus on the baseline coagulation status, on 
< the use and complications of antithrombotics, and on the 
- management of bleeding and clotting complications in 
[ this setting*., • 



^tOJUlblATlON \ STATUS IN 
^ 'UREMIC PATIENTS:' BLEEDING 



• Bleeding is a well-known and common complication in 
the uremic patient requiting dialysis, with qualitative 
platelet dysfunction being the most prominent and most 
' consistently reported abnormality (Table 8-1). ^ As- 
gtogotion. adhesion, and releeoe may all be disordered to 
some degree in uremia. In addition, endothelial ebnor- 
- malitiea such as increased production of platelet-inhib- 
iting prostaglandin derivatives may also contribute to 
both the specific platelet abnormality as well as to the 
abnormal bleeding time.**? Dialysis appears to improve 
uremic platelet dysfunction and bleeding time* presum- 
ably the result of dialytic removal of circulating inhibi- 
tors of platelet function such iu guanidinosucdnate and 
other "middle molecules."*" 10 Some reports even sug* 
gast that peritoneal dialysis may be more effective than 
hemodialysis in correcting platelet dysfunction, perhaps 
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confirming better peritoneal clearance of platelet inhib- 
iting metabolites having higher molecular weight"'" 

Other measures of coagulation! such as circulating 
levels of anHthfombin m,"- w protein C." factor XID,*" 
or other circulating factors,"* 1 " 1 ** 1 are sometimes disor- 
dered in uremic patients. For example* ..abnormalities 1 
such as low antithrombin m" it7 or protein G levels 10 
may alter the response to antithrombotics .such as 
heparin and be manifested as heparin resistance, but 
such a b n orm al it ie s do not always result in tae&mreahte 
coagulation defects using the clinical tests" generally 
available. In summary* although various reports demon- 
strate increases or decreases in circulating coagulation 
lectors, no consistent or predictable pattern of abnormal- 
ities emerges among patients with renal failure* 

Specific SfcetJ «t for Blending 

Serious bleeding complications have been described as a 
specific risk in general hospital patientd whose medical 
and surgical compaction* ; indudeVrehal falhire.^ 
Bleeding from any site et risk may be' more frequent 
and pronounced in patients with reiial N failure, but 
several unusual examples .are particularly noteworthy. 
For example, the predilection to gastroiclefillnaj bleeding 
from lesions such as gastritis, anglodysplasia, or rectal 
ulcers has been emphasised among dialysis patients." 24 
Spontaneous uremic Weeding in the eye, as cranial cav- 
ity , aa * a7 pericardium,** * 0 mediastinum,' 0 and regroperi- 
toneum,* 1-88 has also been reported. 

Often, it is even necessary to enhance coagulation, 
particularly platelet function* in order to Stem bleeding 
in the uremic patient. Several therapies have been 
described in addition to dialysis itself, including the 
nonpressor vasopressin analogue DDAVP,* 4 cryopxe* 
tipltate." and high-dose conjugated estrogen, 38 which 
improve the bleeding time and may prevent further 
hemorrhage in some uremic patients. DDAVP and cryo- 
precipitate appear to have rapid onset within a few bouts 
end short duration of 12 to 24 hours, whereas conjugated 

161 
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BJeeOjrg tandeRCy— ubnorrTBl bloody tima 
RetBJet dysfunction (multifactorial) 
PDaafeta vascUar factors ChumnrfltJ 
. Specfflc bketfng deos at rlek 

tfcneraJ teyyereadj'iBk at common ate» 
Bfccntaneoue bteedma 

Gastri tis, vigioavoplw^ rami uteera 

tncreo cuter 

tntracrwilal 
• PieScerdial 
■ Medteattnai 



; osteoge ns improve b leading time within 12 hours 
several days, Any ouch therapy to enhance coagulation 
does not, however obviate the need to treat the underly- 
ing bleeding lealnn specifically and to Achieve adequate 
dlalyaia therapy 



COAGULATION STATUS W 
IMBUUC PATIBM1T9C THROMBOSIS 



Although Impaired platelet function And a bleeding 
tendency characterise severe renal failure, thrombosis 
can also poem and is not unusual in several specific 
^cations (Table 8-2). for example/ clotting of the 
hemodialysis access, both the external cannula (shunt) as 
well as the endogenous arteriovenous fistula or synthetic 
• vascular graft is a common and troublesome problem. 



TABIC *«2. raAQUUUtON STATU « 
TNI UftHflC PATIENTi THROMBOSIS 



."Hypercoaoutebte" state udfoayncretic) 
Altered oiroufating, ccm^iation factgro 
v And thrombin |j| 

Pletstac reteced fecftore 
. teresaed ptoetet eotivadon . 

Unrferfyrno medKBl/euraiCal Uhese 

Heparin Induced 
thrombotic compficeUra 
Endogenous < ■ 

Veacutar hemodiefysle accssa Cehunt > subcutaneous 
graft > ftetulo) 

Arterial, peripheral vascular 

Deep vaine vwich pulmonary embofcnn 

Priapiam 

excracorporoei, dtalyxer end tublno 
Phyeicocnertwcal ebarresion in diatysata 
Decreased Wood flew rem 
increased hematocrit end vkcosifcy 
Ptatetat activation [membrane, drug) 



Clotting of vascular access is sometimes treated acutely 
with thrombolytic agents* 0 and prophylactlcally with 
antiplatelet agents"""* or even systemic anticoagulants 
such as Coumadin. 40 It should be noted, however, that : 
such, therapy does not always prevent reenxtent thron*. 
bosis In synthetic vascular grafts* 1 "^ and thai compli- > 
eating hemorrhage is a danger in this setting. Therefore, it ^ 
is particularly Important to evaluate caiefully for outflow X 
stenosis, fox compressing extra vascular hematoma art* 
pseudoenetirysm* and for complicating access urfecOon {\ 
before initiating anticoagulant therapy in patients with 
hemodialysis access thrombosis, 41,4 *' 47 < - 

It has become clear thai access longevity with {}' 
respect to thrombosis, as well as .other complication* '' 
such as infection, is best achieved with the endogenous ) 
fistula and successively less so with the mbcutaneoua'i 
vascular graft end with external silesU^ cakaule.?^ 4 ^ Tha i 
recent tendency toward the preferential use of endoge-> 
• nous fistulas and grafts end the reduced reliance on i 
external cannulas may decrease the need for prophylao- - 
tic anticoagulants end obviate the isilbseQiient risk of 
bleeding compUcations in many cases! 

Spontaneous thrombosis in other locations, Includ- 
ing peripheral arterial ocduslonvdeep venous thrombW 
sis with pulmonary embolism, or rrajpl^? v£h«s aWto 
been .reported in dialysis patient* iregardles* -.of t theT 
bleeding tendency that ordinarily ^ fi«a^Qnics"th^ j 
llfeess.SomaBUthw 

lftblev Btate in certain pe>ients,*«^ ( uWght:to result^ 
from enhanced platelet activity the etiology of which tus\ 
not been clearly defined. , / * . •:> 
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j, Clotting In extracorporeal dialysis devices ; is .also >)V 
v| common problem and has prompted extensive discus* / 
' alon of the need for anticoagulant* Airing ti***fiiA\ymi E \ r *x 
Fibrin and platelet deposits in the interstices of plate 
dialyzers or in the capillaries of hollow-fiber dialysers m '!L 
have been repeatedly described by both gross observation \, ; 
as wall as by various qualitative and quantitative V 
measures, 31 -* 2 it has been estimated that extracorporeal t > 
heparmJbsation to approximately 0,2 UAnl or more Is 
sufficient to consistently prevent dlolyzer thrambo- r 
sis, 83 ' ■* and most studies report an incidence of substan- 
tial dlalyzet clotting In 5% of cases or less with routine ■ 
heparinizatian.* 3 ^ M -* 7 

Thrombosis in the extracorporeal dialyzers may be / 
particularly prominent not only whan preventive antico- 
agulation ia reduced, hut also when dlalysate pH is . ' 
low when exUacorporeal blood flow is reduced, 55 ** or * 
when whole blood hematocrit is increased 5 *-* 3 - 89 Extra- 
corporeal hematocrit can increase when a h tg h ultrafil- 
tration rate Is employed to remove excess fluid during ; 
hemodialysis and can possibly predispose to dlelyzer . 
clotting. A therapy commonly required by uremic pa- 
dents and administered during hemodialysis, blood' 
transfusions can produce endogenous hemodynamic: 
effects associated with increased hematocrit and V 
viscosity 70 and may also predispose to dialyzer dotting 
Both heparinlzation of the blood to be bnnsrused duringV 
■ . ■ • . 'M 
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homodlalysis as well as administration of the transfusion 
into the extracorporeal circuit downstream bum the 
dlalyzer may be helpful in reducing extracorporeal 
clotting under these circumstance*, Increased hematocrit 
and vUcosity also result from therapy with recombinant 
eo^iD£oietin, n and these chenges may precSspose to 
clotting both la the endogenous vascular hemodialysis 
access as well as ia the extracorporeal dialyzar whan use 
of this agent in the general dialysis population becomes 
more common. 

Since the initiation of dialyzar dotting may some- 
times result primarily from platelet aggregation, and 
since heparin itself may sometimes initiate platelet 
activity/ 3 ' Itla not surprising that dotting is resistant to 
heparin alone and appears to Improve with antiplatelet 
.therapy in some cases/ 4 -" Newer dlalyzexs p designed 
with a smaller priming volume, better laminar flow 
_ characteristics, and reduced intrinsic platelet activation 
' Vy the membrane materials, may even require lets 
heparin, although these requiremants have not been 
established by systematic studies. More important It is 
now reuoguized that, in some settings, hemodialysis can 
. be successfully accomplished i*ithout using any sys- 
temic anticoagulant, particularly whan tftranbocytope* 
nia ox other coagulopathy is preuent (see below).. 

nepaJun in the 

UREMIC PATIENT , 



Heparin 

The description of heparin activity in uremic pattauts 
t pnerally focuses on the sensitivity to initial heparin 
loading and on the rate of elimination or half-life 
thereafter;. Because the usual coagulation measurements 
are often normal in uremic patients. It is not surprising 
thai heparin action is also relatively normal in these 
Individuals. The rate of heparin eJUmination in uremic 
patients, as measured by a halWif a ranging from 40 to 90 
minutes,* 4 - 7 * tends to be relatively consistent in uremic 
patients and comparable with that in mmuramic 
individuals," On the other hand, the sensitivity to 
heparin loading has been shown to vary by 100% ox more 
between dialysis patients and from time to time In 
individual patients/ 4 -* 4 '*™-** imd dotes required to 
achieve sufficient systemic antbxugulation in uremic 
parents may vary widely. This variability in sensitivity 
» also not unique to renal failure, and both uremic and 
nonoramic individuals manifest heparin sensitivity that 
varies with plasma volume (volume, of distribution) 14 - 70 
and to some degroe with dose/*-* 5 Some uremic patients 
{nay even be strikingly resistant to heparin, particularly 
« the presence of active thrombosis or underlying 
nephrotic or acute inflammatory disease,* 0 -" 0 ** 4 **** as 
well as, theoretically, in the presence of excess ascorbic 
acid in dialysate. H 

Side effects of heparin, such as pruritus, specific 
osteoporosis, or lipid abn<wmalities l " > - M do not 
appear to be specific or inordinate In uremic patients, nor 
nave these side effect* bean JMoofafed with Jdiosvn* 
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cratic variations in heparin sensitivity. Another striking 
complication of heparin ednunistnrinn; immunologic 
enhancement of platelet aggregation with thrombocy- 
topenia and thrombosis,"-" is also not reported inotdi- 
nately in the dialysis setting and does not account for 
most commonly observed variabilities in heparin sensi- 
tivity. 



WORSENED BLEEDINQ 
ASSOCIATED WITH 

HEMODIALYSIS V 

^though it has bean noted that die lysis may improve the 
Weeding tendency of uremia, there is: additionally, 
sufficient experience to suggest that hemodialysis with 
heparin may also increase both the frequency and 

a ?t e S^^ bleed£l « P*** wio *» «t increased 
risk.* 1 * 5 " 07 . 

Hie incidence of bleeding explications la known to 
Increase in general hospital patients given heparin or 
antiplatelet agents.V^ 00 and It is likely that the risk 
associated with heparin is exaggerated in patients with , 
wnal failure and Its associated coagulopathy. For exam- 
ple, it appears that intracranial hemorrhage may be both 
more frequent and more severe In hemodialysis patients 
than In imnhamrilalyfiis patients, periuips, a- result of 
repeated uitmnittent; hqpsrinizatiori. 4 * Other f studies 
suggest that the incidence and severity of any bkedinfl 
^topHcations associated with heparMzatic^ during 
hemodialysis are diroctly related to acute Weeding riskaa 
indicated by the presence of active or recent bleeding and 

f J $w ^*«i , * umatic wowd8 the previous 2 to 
3 daya. 6 *^" 1 Tub frequency of such bleeding may be as 
high as 30% in the first 24 hours after hemodialysii 
emougthe highest risk patients with preexisting active 
hemorrhage.*" 0 * Furthermore, studies that compare 
hemodialysis using heparin with hemodialysis using 
alternative methods to prevent extracorporeal thrombo- , 
n august that even lunhad o^ses of hepe^contribute 
to bleeding complications. 61 * 6 **!- ,oa X . '> 

DEUVEMNQ AND MONITOMNG # 
ANTICOAGULATION ' 
DURING HEMODIALYSIS 

Systemic Hajrerimzsjtbn ' 

The standard method for anticoagulation during dialysis 
is systemic heparlniaation, often limiting the degree Of 
systemic anticoagulant affect by monitoring oneof sov. 
^ coagiJation tests, including the partial tluuinhoplas- 
tin time thrombin dotting time, whole blood dottinu 
tune such as the Lee White dotting test, or soma 
variation of the activated dotthw time audi as the ACT or 
Hemochron tests (Table 6-3).^ iOT ^^ The goal i3. ordi- 
narily, to control the degree of systemic anticoagulation 
by maintaining therapeutic heparinjzation at approxi- 
mately two to three time* the normal value for the chosen 
test Comparative studies confirm the ~wmpo**enc* of 
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TABU «-X DEUVEIIJNO AND ftaOMTOfttfie 
■wnCOAOmAnOW MfHIWC HBMOPf AtVttl 

■ Systemic tapgrfrtizntan 

Stendard loatfng and maintenance 

Monitor wtft avertable test for heperki effect 

Partial thramboplBatin time 

Trirxnbin dotting time 

Whole blood clotfcmi time rag,, Lea-White) 

Acthwed dotting time tor erulooue) 
Approximate goal 0.2 Uml [two times norm* value for 



^Increased Weeding In penenee t*. rkk 
no^onol hepoWnizschyi 
Heparift^protamfoe Coumfaeraome. qijeaelcnebte efficacy) 
Cftrgta/cai dum (cu mterisomg effective) 
Memoreha tmguuem with protamine (unevailflpie) 
Removal by heparineee ujnavatiable) ' 
. ; LJMMtori ftaperinlzaeion 
'-Loading 5-1Q;y/Ka Memtpnance WKB par hr or 
small bolue dot* (250-S00 U) es needed 
Monkor with eveifebfe cast for heparin effect 
Approximate god below a 1 0-a 1 5 U/ml (toss than 1 5 

timee normal value for costs) 
For CAVH: can uao loedtf* of 600 U or less; maintenance 
rfSOOU/hrorteaa,; 
Altematfve qgWica 
' f^oetecjWh.* p^oetacynfrn anatogues (no heparin] 
, , Other pJajrtet rnhWtorc fteparfrveparine. eaerasJ 
Low-mdeciigr^aiflhc heparin (no concrollad data) 



lhe«» teats leaving the method erf mordtortng to 

tha convenience and discration of the practitioner. 

Recognition of the increased dak of bleeding com- 
plication* in patients requiring dialysis has, however, 
prompted clmfrinTu to devise other methods far limiting 
tha systemic effects of adWistered antithrombotic 
agents during hemodialysis.; 



1 • 
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I AnttCMSlUltf OA 

Qua method of controlling detectable systemic hep**, 
inflation involve adxoinlrtratioii of heparin "region- 
ally" into the blood entering tha extracorporal circuit, 
and neuftxalixatlon of heparin, by edmirustratioa of prot- 
amine into the dlalyrad blood as it returns to the 
piitieflt <tt « to ' w "» By she precise control of dosage of 
these two agents, one can demonstrate the desired 
heparin effect in the dialyzer tubing, but no heparin 
effect in systemic blood. Over the years, this method has 
proven both curnbersome and difficult to control, requir- 
ing dose monitoring with foquent coagulation teat* of 
both the systemic and <octracc<rporeal circuits.** 04 Fur- 
theanora. studies describing this procedure fall to show 
controllad evidence tor the efficacy of regional heparin- 
ization in preventing bleeding application^ with some 
reports even describing significant bleeding complice 
tion* ; regardlaas of well monitored regional heperiniza- 
bon."^™ More important, in a controlled comparison 
of regional and tightly monitored low-dose heparlaiza- 
tfon, bleeding compUccitions ware at least as frequent 



using regional heparinization." This persistent inci- 
dence of bleed^ in the face of adequate i*gionalizaUoa i 
Is probably, the consequence of the requirement for high \ 
total heparin dotes, 66 of dissociation of the heparin^ 
protamine complex, 1 *^ 11 * and of the effect* of prot- : fi 
dmine. itself ««« The difflculty of performing regtonal 8 
heparinfcabon and the absence of proven efficacy have? 
severely lira! ted more general application of this metho d ( 
for control of systemic anticoagulation during harnodial- 1 ^ 

Another method for regional sixtlcoagulaUon u> ? 
volvea admlnlabario<n of citrate to chelate calcium in the i 
extracorporeal circuit and neurotization with calciumi 
itself in blood returning to the patient This method taW, 
advantage of both rapid citrate metabolism as well m 
citrate dialyzahility to limit systemic side effects, and ha; 
proven effective in limiting the incidence of hemodiaiy/ 
•ie-easoclated bleeding in controlled comparisons wit' 
tow-dose heparin," 4 ;*" Dialyzw clotting observed using, 
this method appears to be quantitatively equal to than 
using low-dose heparin, 1 * 1 and may .he due in part to i 
possible platelet aggregation in tha presence of du»te,M*f 
Regional citrate hemodialysis is reliable in V 
hands; however, the complexity of nra^wiiue, 
potential danger of hypocalcemia and the amiability 1 
simpler methods for. minimizing systemic artt^coaguiii^ 
tion, appear to have limited the general application of 

this method. \My^\v,mKW --m 

A promising variatian of the regional ':mioh — ^ 
tlon method is the use ci protamine permanently U^wu ^ 
to membranes to remove heparin from the blood. This'' 
method has been demonstrated in viuV* 6 but has wA\ 
yet boon applied to hemodialysis or related extmcorpo- ' 
real procedures in the clinical setting. Development of f 
systems applicable to hemodialysis might better preventl 
unwanted systemic anticoagulation while sucoessfuilyMB 
preventing extracorporeal thrombosis. . j i 

Another method for regional neutasJUbiation of heps 
arte is enzymatic degradation using a fitter Containing ' 
heparineee."' " 0 Placing such a device in the extracor- 
poreal circuit at the site of reinhuion would eliminate 
active heparin from blood returning to the patient Agaln> 
although such devices have been described In laboratory 
modcls ^ i* no clinical testing has been reported In 
addition, there is some concern that degradation of 
heparin leads to circulation of heparinoids and heparin 
fragments that will be active anticoagulants or will lead 
to toxic or allergic reactions. 1 " 



th&O 



A straightforward method for limiting systemic anticoag- 
ulatian during hemodialysis is simply to limit total; 
heparin dose by reducing administration rate and by 
monitoring with one of the standard tests to keep the < 
heparin effect to below 1.5 rimes the normal nonheparin^ 
lzed value for the chosen test Using such 14 Ught r r^ 
protocols, hemodialysis can he accomplished with total u 
heparin doses below 1000 Lf/hr without serious exnnco&l 
poreal rlrt*M "a complications.* 4 ^^*?'"' 10 * Often* 'eW 
lower heparin doses, well below the range of Id U/fcg j 
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load and 10 U/kg per hr, wiU suffice, and empiric dosing 
La this range la common. 

Strict limitation of heprain during hemodialysis is 
not accepted uniformly, and some authors report fre- 
quent clotting in the diajyror unless heparin doses of 
more than lOOO to 1500 UAr ere used. 00 -* 00 '** 0 Therefore, 
In an effort to indlvlduallzn dosing and allow tighter 
control whenever possible in high-risk circumstances, it 
is sometime* suggested that heparin sensitivity be tested 
prospectively and heparin effect be monitored closely 
during therapy «"*rwee,ia» J iaa Severaj author5 

described testing individual sensitivity in vitro using the 
thrombin dotting time*** 7 *** or in vivo using modest 
single heparin doses prior to analysis.**' 0 * Such sensitiv- 
ity testing may, however, prove cumbersome to use 
routinely, may not always 1m feasible at initiation of 
acute hemodialysis* and may even prove dangerous in 
itself if performed in vivo in patients at risk for bleeding. 
In high-risk circumstances, it may be sufficient first to 
choose a low initial loading dose of heparin, for example, 
5 to 10 U/kg, and second to maintain the value of a 
readily available dotting test, such as the whole blood 
dotting time or the ACT, below 1.3 times normal using 
either low-dos* infusion of 5 U/kg per at or intermittent, 
small bolus doses of 250 to 5*00 units. 

Continuous arteriovenous hemafiltrarion (CAVH) 
also requires ongoing low-dose anticoagulation and is 
APphed in critically III patients who often have increased 
risk of bleeding, presenting the practitioner with the 
same dilemma as hemodialysis. Strict monitoring of 
heparin* 21 and regional hepariiiization*" have both 
been used successfully during CAVH. It eiso appears, 
however, that empiric low-dose therapy with 500 U/ht or 
less may suffice to >h«^n filter potency during 
CAVH.**™" Further experiefnce with this new renal 
substitution method will help to better define the heparin 
requirements and the applicability of other methods for 
preventing extracorporeal dotting. 



Reswdles* Of the general feeling mat some heparin is 
necessary to prevent extracdpoxeal dotting, end that 
limited heparin dosing is useful in patients at Increased 
risk for bleeding, some investigators have now systemat* 
ically described several methods fox performing hemo- 
dialysis without any anticnaguIat£>n. w - $Wl0l * w ' 1 ^ 
The risk of extracorporeal clotting may be somewhat 
higher without anlicoagulatloja, as frequent as 20% on 
average"**** It appears, however, that hemodialysis 
can be successfully performed without anticoagulation 
m an as yet undetermined number of acute and chronic 
cases. 

Several important factors have been Introduced that 
may facilitate hemodialysis without anticoagulation. 
First, newer dialyzers have sxoaller blood volume and 
higher blood velocity at standard blood Oow rates, 
reducing the tendency to dotting. Second* newer msm- 
hrane materials may be more biocompatible and reduce 
Platelet activation and early clotting,"*-"* Third, some 



authors have described intermittent high-volume saline 
flushing to dear the dialyzar during treatment. 5 *-* 0 This 
saline Bushing introduces extra fluid that must then be 
removed by higher transmembrane pressure, perhaps 
both limiting the usefulness of this method in some fluid 
overloaded patients as well as necessitating added ul- 
trafiltration end hamoconcentretion that may actually 
promote dialyzer dotting. 

It. is clear that peritoneal dialysis can also be 
performed to order to avoid anticoagulation entirely in 
patients with increased risk of bleeding, Nonetheless, 
severe abdominal pathology may obviate this procedure 
in some cases and necessitate hemodialysis or a related 
extracorpored therapy, in which case strict attention to 
limiting systemic anticoagulation will be essential. 

Altarnaftivsj Agents 

It Is difficult to imagine an alternative to heparin that is 
as readily available; as inexpensive, and as easily used 
and monitored. Yet the danger of heparin in some 
circumstances is dear, and several dternatives have been 
described. The best known of these alternative agents is 
PC12 (prostacyclin; epoprostenol), the inhibitor of plate- 
let aggregation produced naturally by endothelial cells. 
This agent has a very short half-life of 30 seconds or less 
in vivo. 1 *' ** and Inhibits platelet aggregation dramat- 
icdly for S to 30 minutes and to a much lesser degree 
thereafter." 0 - 1 ** The agent is infused into the blood as it 
enters the extracorporeal circuit at doses of 4 ug/kg per 
min or less, doses sufficient to effectively inhibit platelet 
activity. Although the major shortcoming of this agent is 
its concomitant vasodilatory activity, which sometimes 
causes flushing, headache, nausea, and varying degrees 
of dose-related hypotension, hemodialysis can be sue- 
cessfuUy performed with a minimum of serious side 
effects.***."*-"* More important, randomized con- 
trolled trials among patients with increased bleeding risk 
show PGI2 to be associated with significantly leas 
dialysis-associated bleeding. 140 A more stable prostacy- 
din analogue has been used successfully in animals 
undergoing hemodialysis without other anticoagulants, 
although the agent still has similar vasodilatory side 
effects to prostacyclin itself. 1 *' Tjie theoretical advan- 
tages and preliminary success with this type of agent 
warrant further development 

Other platelet inhibitors such as ticlopidine*" and 
sulfinpyraron© 80 ^ have been used in conjunction 
with heparin as doee-6 paring agents. These agents have 
not however, been used as the sole antithrombotic in 
hemodialysis, m similar fashion, nonsteroidal agents 
such as aspirin have also been used as auxiliary agents to 
reduce the frequency of intradlalytic thrombosis, partic- 
ularly in patients with excessive dotting** 

I/)w^noIecuIar-waight heparin has also been de- 
scribed as an alternative to heparin itself, purportedly 
having a more predictable anticoagulant effect because of 
slower elimination in dialysis patients who lack renal 
function*"* 1,a Furthermore, these compounds may be 
more affective in preventing dialyzer dotting because 
they induce less intrinsic platelet aggregation than does 
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standard heparin.™ Use of such agents in hemodialysis 
ha* proven feasible, with only minor increaae* in dia- 
lyzer dotting; undo- conditions of chronic stable hemo- 
dialyate. Other advantages such as increased controlla- 
bility and reduced bleeding complications axe, however, 
yet to be cleaxly demonstrated. 



Iiitrtltftfc 



""MWH wuiuuviOa 

Another mechanism for preventing extracorporeal 
tbxomboaie that avoids systemic anticoagulation involves 
bonding of heparin ox related compound* to the mater- 
ial uaed in manufacture of tubing or dialysis 

mem- 

^w.w-ufl Nevortholess, this attractive concept has 



received only apatae attention in the clinical literature, 
and a reliable ayatem has not yet bean developed for 
general clinical application. Furthermore, the problem of 
platelet activation may still need to be addressed before a 
successful method of this type is operational. 

SUMMARY 

*. 

Tito Bteadino Patiottt 

Evidence supports the notion that heparin adminis- 
tmtian during hemodialysis exacerbates <Ueedlng in 
uremic patieots when the risk for bleeding is increased 
(Pig. d- 1)« In approaching such a situation, the Bret cbn- 
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SSS« II' SSTJSrea? J " nt< 2W alten me * hofl in * 0 f»*efrc with Inereeaed 
d£& Sr^E? l^ d0fined ^"''veRY HIGH— active WMdho « the ciim nf 
dislyotiK HIGH— BQtlvn btaertnfl or eui^csttowmaciG wound within 3 days: MODERATE^ 
octh^hteedinfl cr surgltoMrsunweic wound within 3-7 days. "CRITICAL DANG£H~ defined 
« text Nunencal ordar of choice indicates order of prc f e rra e. 
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sideratton Is the necessity of the dialysis itself. *s delay 
,V . . far 48 hours or mote may reduce the rish of bleeding 
complications associated with anticoagulation during 
: ; hemc*iialy*is. <l * ,S7 When dialysis cannot be delayed, the 
/ o^sionwgard^t^ 

and severity of unwanted bleeding is influenced by the 
, precise nature of the risk — mare important when the 
bleeding Is active and involve* vital function, such as 
: occurs in the cranial cavity or pericardium, and lew 
important when bleeding hi no longer active and when 
.; blood loss can be replaced without further acute danger, 
such as occurs in the gastrointestinal tract or external 
wound. The rale and source of bleeding may also 
influence the assessment of "critical danger, H as occurs 
with brisk arterial bleeding. VVh^ the riak is higher and 
, the danger more critical, the chosen modality should 
: • avoid anticoagulation if possible (peritoneal dialysis or 
hemodialysis without anticoagulant), with other possi- 
bilities when the preferred choices are not feasible or 
have foiled. When the risk 1st lower and/or the danger less 
critical, the choice of modality is less problematic, and 
even 1 tightly. ..controUed Ufw-doea heparin, which Is 
relatively simple, may suffice. 

Mechanical methods to remove heparin such as 
membrane-bourid protamine or heparjnase have not been 
developed sufficiently for general clinical use* In some 
patients with severe bleeding worsened or unimproved 
V; 1 by dialysis, actional therapy may be necessary with 
ags^thet .improve , {to;, bleeding timer by modulating 
i; ', platelet: tox#on and/or vascular factors. Such agents 
a j ; include DDAVF; crVcpirecipltate, and high-doro ccn)u- ; 
j galed e^trcjg^.but thrombosis, in remote locations such . 
as, tire, is a possible risk of such 

' therapy. ■ . ^ 



Regardless of the bleeding tendency that characterises 
patients who require dialysis, problematic thrombosis is 
not um^imnoiL Clotting lu the extracorporeal system 
during hemodialysis can be potentiated by low extracor- 
poreal blood flow rate, higlier whole blood hfunatnnrit. 
and exuiancod platelet aggregation. £xtracorpoxeal clot- 
: ting may be prevented by anticoagulant administration, 
including adequate heparin (therapy or antiplatelet agents 
of acute type, such as prostacyclin, or chronic type, such 
as sulfinpyrazone, and possibly by the use of more 
biocompatible dialysis that are less liable to stimulate 
platelet aggregation. Clotting in the endogenous circula- 
tion is particularly problematic in the hemodialysis 
vascular access and Is potentiated by anatomic abnormal- 
ides in the vassal* involved. Such clotting is occasionally 
. treated with systemic anticoagulant or antiplatelet ther- 
apy, although this therapy poses the risk of additional 
wterdialytlc bleeding for tho dlalysla patient, 



It la clear that the necessity for acute or ongoing chronic 
hemodialysis in some uremic patients presents a difficult 
dilemma to vol ving the dak of exacerbating en underlying 
bemorrhagtc tendency and the simultaneous need to 
Prevent extracorporeal or endogenous dotting. Resolving 
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this dilemma involves both thoughtful pt«™**fl of 
dialysis egd drug therapy as well as careful monitoring 
for bleeding and thrombosis, a significant challenge for 
the conscientious practitioner* 
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ROUTINE HEMODIALYSIS is generally per* * 
formed using heparin a* an anticoagulation 
ggentto avoid clotting of the blood while ii citcn- 
lates in the dialysis apparatus,** However, the sy^ 
ten^.an^J^NI^Crii that result* r^^inka- 

btwSa&OT wtiv^; We^ng b^ are in 

"best" solutions for this d&njcal dilemma have 
been i*op osed, itaeluding regional bepaiiniza- 
rioa,*' 4 tow-dose heparin, 5 * 6 and more recently, 
prostacyclin. 7 -* These technique* are not without 
conjjdications. We have previously suggested that it 
is soawtimes poiiiible to perform a complete he- 
xnodidysis without use of any antj^gutoon in 
patients at risk of severe bleeding. 9 We now 
present a retrospective review of 156 complete he- 
modiaiysfe procedures performed without heparin 
rvr other anticoagulants over a 1-year time period. 

MATERIALS AND METHODS 

During tfe period *rom Aogudt 1982 to August 19*3, 130 
pricots who receive* either cada«eric or living-related donor 
traji^lftfua were dialyzed in (he transplant dttysia unii. Of 
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thett patient*, 23 (17.7*> were hftmodimlyxAd AC W once 
withoui heparin- In addition, five patient! vwc diaiyied 
vithom heparin in the traospUnt dialysis unit because oi prc- 
op«f«lvc or po>^pcniticw3 ttahuttfii.rtteiing to ^o^napjwetfkm 
tmd tbey m« tOQludtd, A (o<4 of 15< dialyse* on.'dttSie ptfi^ 
wetepeffo9acdwiUie)^|iepv^ ^paiiwrc5tNwS>*pfa5^jor 





^ ^ -_.- r IP** 

extraction). 

Every dlalyw 04iTijcd oat wbh a DraIce*Willode Pcopcrr- 
faring Utuk sod itnndard CordiA-tXjw cubing (both from Cor- 
dis Dow Corp, Miami. FJa_). The Uaea *ad the tataey were 
rinsed Nivrily with 1 L 0.9* todimn eWoride with 3.000 U of 
tapatfB added. In every iosm^ 
p4»ccdsBcrtthoi Hule, if any, heparin wm gW<At*> o>c p^tjoot. 
The type of artificial fcidr^y used depended .vfK» ttm fioals of 
thediatVaU: volttrt» rcfflovni, clearance, <?r bcA. Only C<Vdi^ 
Dow or Tr*ver*I Or*vc«oi Oup, DocrfWL m.) bollow.fiber 
bdne^s were udtized end LnchnSed CP* 1W, CD 1 .8, CD »50O, 

• • ^^ t 

The hemodialyatB procedure, varied nxxn the standard tech- 
nique in the foUfwfcg wpeoii: VG^Dd flows werp?epi bfr 
twora 260 *ttd 300 tnL/mia excep* uto oorttnrfodlciwd (eg r 
poor cirdiovaflcttlir or excewove hypounsioo during 
dielyuA) or when it wa» Impottibte wtchj(ttry to * poorly frnev 
Honing graft or other phytica) MmiJatiwo, 0) To exmmirtf the 
cJoTOorporeat dreuj^ oboes lOOmLof &tift« WBv.iflftued via 
cbe arterial limb evwy 20 to 30 cninntEs to visualize the tid&cy 
for evidence c^cteaig, and fte trananembrenc prtuure 
adjusted aceordlncly to prevent Unnecessary vobnnc expansion 
in the padeoL (3) tee-White clotting dme« were performed 
about every 30 mimes but no heparin was given. Duration of 
dlalytb ranged between 2 and 4.5 hours whh a mem duration 
of 3.74 hour?, Pltdifilysif platelet oQun* were available OK 81 
ooctttow and were exarained. while prothrombia aneVer par- 
tial throifebopleian timet were obtained before 70 dulyns pto- 
eodam. tn 9* dialyats, pr«dialy«u and pojtttialysis lirea nkro- 



32 



Received from < 312 360 9315 > at 3112103 10:53:07 PM [Eastern Standard TlmeJ- 




American Journal of Kitinoy W««$*s» VW V, No 1, January 19&6 - 



Best Available Copy 

MPR-12-2003 21:51 GREER, BURNS & CRfllN. LTD 312 360 9315 P. 37/46 



HEMODIALYSIS WITHOUT ANTICOAOyUTION 

^^l^ 8 * tate ^ portions of 

J J^^r' 1 ST™ St^rd vdumc for the 

a coo^^iy cfeced exwworpweal «ystom would rcauli in » 

;^:.!?:/^ wood tc^, 

r*i cwbuU wtte exi**** ^ ^Ublt. Atrial and 



Tabla 1. 



33 

eJS?!?™ 1 * Mly * i8 ^ J**™" ** n>«ins of the paired 
*B*fcimt. Rcwhs »rc expr^cJ a* mow, * SIX 
RESULTS 

^enty-eighr patients were dialyzad a total of 
156 umes (mean of 5.6 hemodialyses per patient) 
without need of heparin (Table I). Thirry-niwper' 
cent were female and 61* were male. The age 
range was 19 to 56 years wuh a mean of 342 
yeaw, Most of the .patients (86.9%) had received 
cadaveric renal transplants. Sevemy-nvo (46,2%) 

ajmcQagutotion because of preoperative or poetop- 



Fettant Age * 
No. (yr) &n 



Underlying Renal 



Compiiatton of Data on the 2B Petfente in t he Study 
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6 
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25 
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F Diabetic nephropathy 
F lupus nephrite 



Type of 
TOntplflnT 



Dialysis Without 
Heparin 



Cadaver 
LflO* 



M ftOHUx nephropathy 
F PorycystJc kidneys 
F Influx nephropathy 
f Rftftux nephrepaHiy 




^carditis 
trnrapBrftanaaJ bleed: 
transplant eurger y* 
Other surgery' 
Other surgery 
Other surgery 
01 bleed; Other surgery 



No. of 
Otafyeea 



Rental 

Sgntiicmni Clotting 
CompJtcaflOftj or oiatycor 



26 

. 39 

32 
30 
31 
24 
4$ 

So 
96 
18 
36 



None 
None 
None 

^,„^...^„„ (jr Cadaver qi Dlsed; other suroerv 

^i^en^km • . .Cadaver* ThiSiSS^ 

, ,W T 

Cadaver 
- Cadaver 
Cadaver 

Cadaver 



F. Fabry's dteeeae 
W Membranous 

glomeruronephririe 
M Chronic glomerulonephritis 
M Unknown 

M Malignant rryperterrslon 
M Reflux ■nephropathy - 
M Unknown 

F Lupus nephritis 
F 0<>etnuo(fdn 
M Unknown 
M Hereditary nephritis 



Transplant aufflory . '** : ' 
Transplant jMrgery ' - 
Ql Weety^ewgery 
Transplant surgery 
Uremia; possible Gl bleed 
Thinsplant Surgery 



16 

2 
3 
6 

.17 

4 

7 . 



Ncne 
None 



Mono 
None 



Mane.. Norte 

None Nona 

Men© None 

No?p . None. 

Nofie,- , -.^Nkjne 

Nphe. . :* ^jeinie 

Nonej ' - > ' v .'NkiiieS ' 

T ■'None 

None None 



24 33 F Reflux nephropathy Cadaver 
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26 
27 
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49 
19 
39 

23 



F Unknown 

M Reflux nephropathy 

M Unknown 

M Reflux nephropathy-, foeet 
S^omervteederoefe 



Cadaver Transplant fiurgftty 
Cadaver % Other surgery 
Oodaver Glbiwdjtmnaplantsursery 
Transplant surgery 
Tranaplani surgery; other 

surgery 
Other surgery 
Transplant eunjery 
^sptaiH ewgery 
Iransplam surgery; Ql bleed; 

ether surgery; hemoptysis 
Transplant surgery: 

hematuria 
Other surgery 
Transplant surgery 
UfeUftd hemorrhage 
Other Surgery 



Cadaver 
Cadaver 

None 
Cadaver 
Cadaver 
Cadaver 
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None 

Cadaver 
Cadaver 
None 



None 
None 

None 



None 

Norte 

None 
Mone 
None 



None 

None 
None 
None 
None 



None 
None 

None 
1 

None 
None 
None 

None 
Wor* 
None 
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None 

None 
None 
None 
None 



•LflD - Uvjng-related donor. — 

tl^neptam surgery includes graft Impfantation or nephrectomy. 

„ 45- — jsaa* mm™, « ^ M „ 



• Received from < 312 360 9315 > at 3112103 10:53:07 PM [Eastern Standard Time] 



Best Available Copy 



MPR-12-2003 21:51 



GREER > BURNS & CRAIN* LTD 



312 360 9315 P. 38/46 





3* 



eradve status, while 78 (50%) were done because 
of active or recent herrjuorrhage (gastrointestinal, 
wound, urinary tract, or pulmonary). The remain- 
ing six (3.85$) were performed in the setting of 
acute pericardia*. 

The average platelet count was 158,100/^L and 
die average clotting time was 13.7 mimnes. In 
only one patient was a coagulopathy presort, and 
she was dtftlyecd a total of 16 tiroes. No appeax- 
' ^anfce or notable increase ifa hemorrhage was found* 
and hemodialysis without heparin did not appear to 
exacerbate or induce a' coagulopathy in any pa- 
tient. Significant complication* occurred to eight 
diary ses (5.13* of total) with an average esti- 
mated blood loss of 150 mL and maximal loss of 
about 250 niL. No hemodynamic compromise 
frorrj this blood loss was noted, and besides the 
blood loss, the only other significant problem was , 
the time ddny required to change the kidney and 
lines.. Partial dotting of the artificial kidney did 
bot*faoe?Era^ occun^<Tii»e? time* . 

pressures and. venous pressures in the extracorpo- 
real circuit increased by 6 1 ± 20.0 mmHg CP < 
0.003) mid 17.4 ± 26.4 mm Hg (P < 0.001), 
respectively. 

To assess dialysis efficiency, preanalysis and 
posteUalysis urea nitrogen, creatinine, body 
weight, sodium, and potassium were examined 
(Ihble 2), Clearances were adequate in each in- 
. stance with near normalization of the urea, 
creatinine, sodium, potassium, and water balance 
occurring in all hemodialysis procedures, except 

tensive most of the time. Except in the patient with 
a coagulopathy, prothrombin times and partial 
thromboplastin times were not prolonged. 
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DISCUSSION 
Fear of blood Loss from cloning in the extracor- 
poreal system is the major reason for heparinifca- 
txon during dialysis. However, the problems of re- 
placing a clotted dialyzer with its attendant loss of 
blood seem small compared with the risk of pro- 
voking uncontrollable hemorrhage in high-risk pa- 
dents. These padents include those -Who. axe in a 
perioperative period, have recency hemorrhaged; 
or are actively ble&trag. Others, have also elected 
to try a no anticoagulation approach with 
success. >*t? This retrospective report suggestsihat 
the risks of no heparin were indeeo^acc^psablc 
with significant bloodlov (jhaximian s 3 !$6 .mL and 
average loss of ISO mL) occurring hi only 5- 1%'of 
die dialyses performed* Moreover, the technique 
was not used in only the most exceptional case*, 
but was successfully performed for nearly 18% of 
die transplant padents who j^iiir^b^k-^P: ^ 
modialyaifl during th?j>erkri.of ^y.}^ 

< v/ifti^Ob^pa^ 
creatfoiite};^ "' 

;tfifa# : o^ 

which could have resulted in clinical delenbrmion ' 
from hernorrhage. ,:•*.•., > . 

The other techniques to limit anticoagulation are 
not without their risks and side effects. Regional 
hepariniiarJon was an early solution to the prob- 
lem,*' 4 The technique proved Cumbersome, re- 
tiring close monitoring of the clotting rime along 
with two constant infusion pumps to administer the 
heparin and f^otamine. lb addition, clotting in the 
extracorporeal circuit and rebound Weeding 
several hours after dialysis were not infrequent l * 

t.. .. , 1 m .1 ......... r a, • ■ 

with the use of regional hepariaizarioQ and low- 
dose hejwitl;' they r?po^^Jl9^indd^:df 
bleeding cori^Ucatioiis wi#j r^on^ 




Ihbta Z. Comparison o< Predlaiyato and Poetdlalytlt laboratory Parameters and Body wekihf 


Parameter 


P*edifl>yii6 


Pa$Uialyiip 


P Value 


No. Of 
Dialyae* 


Sodium i'm£q/L) 
Potassium (mEq/q 
Bicarbonate (rnmoVL) 
Hematocrit (W) 
BUN (m^dL) 
Creatinine (mg/dL) 
Body weight (Kfl) 


135 0 t 5.5 
4.S ± 0.8 
22*4 ± S.2 
26.1 * 57 
105.3 ± 34.2 
9,15 ± 4.2 
58.0 ± 15.1 


137.3 ± 3.2 
3.3 ± 0.5 
m t 39 

24.3 * 6.2 

44.4 t 17,2 
4,67 ± 3,3 

S8.1 ± i4.a 


< 0,001 

< 0.001 
NS 
NS 

< 0.001 

^ 0.001 

< 0,001 


79 
82 
79 
97 
94 
94 
143 


NS a not signlficani. — — 
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HEMODIALYSIS WfT>10UT ANTICOAGULATION 

wm, compared with a 10% Incidence wiih low- 
dose heparin. However. In very high-risk patients 
(those patients who were actively bleeding at the 
time of dialysis), hemorrhage worsened in 47% 
when regional heparinization wad used and in 38% 
when low-dose heparin was employed. For high- 
rtak patients, defined as those patients who had an 
episode of active Weeding within three days or 
who were dialyeed less than three day* after an 
operation, hemonrhfige occurred in %%% during re- 
gional heparinizatip;n and in XI % during low-dose 
heparinkation. Usitg either of these techniques, 
no artificial kidney was lost because of clotting but 
partial clotting occurred in 3% to 5%. These re- 

in mi* By contrast, we noted no increase in 
hemorrhage attributable to hemodialysis in our pa- 
tients. Significant dotting in the extracorporeal 
circuit occurred in S.I % and partial dotting of the 
dfeiyzer occurred k\ SA%. Thus, it appears the 
risk of blood loss from dotting of the dialy ter is 
less than the risk of hemorrhage even when low- 
dose heparin is used in these high-risk parents. 
Prostacyclin has recently been used as an anti- 
coagulant to high-risk dialyses. 0 The complica- 
tion rate was significant, with severe hypotension 
occurring in 20%, chest pain in 20ft, and other 
side effects Gwrosea, headache; flashing, ab- 
tominaj jttin) noted in rjoany of the patients. Wc 
believe dialysis without hepari? to be as least a* 
efficacious as dialysis with prostacyclin, and we 
suggest that it is better than other methods used to 
control heparin dosage. 

The reason hemodialysis without heparin can be 
successfully performed with minimal morbidity is 
uncertain. As mentioned, except in one patient 
*ho had a disseminated intravascular coagulop- 
athy, prothrombin aitd/or partial thromboplastin 
times were, normal, Also, the average platelet 
count was greater than 150,000/jJL. One factor 
that we believe helps to prevent significant clotting 
in the extracororeal circuit is the high blood flow 
rate in the range of 2S0 to 300 mL/mia. Bvcry 
effort was made to maintain these flow rates, but 
in several cases, dialysis without heparin could be 
done with flow rates at or below 200 mL/min, 
Finally, since several types of both Cordis Dow 
and ttavenol hoUqw-f ibex kidneys were used suc- 
cessfully in this study, the type of artificial kidney 
did not appear so be a significant factor. 
It is clear that hemodialysis without heparin 
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should not be used routinely in stable patients. We 
believe that hemodialysis without heparin is indi- 
cated in those patients who (1) are immediately 
preoperative or within three to five days postoper- 
ative; (2) have recently hemorrhaged or are ac- 
tively bleeding; or (3) have another strong con- 
craindication to heparin such as pericarditis. From 
our data, wo conclude that the risk of performing 
dialysis without anticoagulation is much less than 
the benefits m the high-risk patients. 
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